Introduction
Human epilepsy and seizure management using antiepileptic drugs are often accompanied by some degree of cognitive decline, typically expressed as learning or memory deficits. Cognitive deficits have Seizure (2007) Summary The present studies characterize working memory capabilities in the El mouse model of epilepsy using a species-typical social recognition memory task. As the El mouse exhibits a stress hyper-reactivity phenotype, the impact of hypertonic saline consumption, a memory modulatory treatment, upon social recognition performance was also examined. The hypotheses under test were: (1) that seizure susceptible El mice would perform poorly in the short-term working memory task relative to seizure resistant ddY controls, and (2) that the behavioral and neural responses to stressor exposure would be atypical in El mice. Results revealed a shortterm working memory deficit and altered reactivity to social, environmental, and physiological stressors in El mice. In Experiment 1, El mice exhibited poor sociability and decreased olfactory investigation times, both anxiogenic-like traits, compared to ddY controls. In Experiment 2, El mice exhibited poor working memory performance compared to capable performance in ddY controls. Social recognition memory in ddY mice was abolished, however, by salt-loading whereas El mice were unaffected by exposure to this physiological stressor. In Experiment 3, all salt-loaded mice exhibited enhanced brain stress neuropeptide (corticotropin releasing factor-CRF) content, and salt-loaded El mice exhibited a 70% reduction in handling-induced seizures. These findings suggest that El mice exhibit high emotionality as well as atypical reactions to stressor exposure, and that these characteristics impact social working memory performance and seizure susceptibility. developmental significance in diagnosing seizure susceptibility, [1] [2] [3] are relevant for seizure prognosis, 4 and likely reveal much about hippocampal brain mechanisms that underlie seizure onset. 5, 6 Similarly, certain anticonvulsant drugs are prized for their ability to suppress seizure incidence or severity without exerting learning and memoryrelated side effects. 7 Finally, children with epilepsy, as a group, have a greater risk for developing learning problems as co-morbid disorders. 8 Clinical evidence for co-morbidity of seizure and learning disorders is consistent with findings in animal models of epilepsy. 9 Current animal models of epilepsy suggest that derangements in basic non-associative forms of learning and memory are related to seizure onset. For example, rats treated with the convulsant pilocarpine exhibit no signs of habituation, a simple non-associative form of learning and memory, suggesting the presence of multi-task amnesia which is a characteristic of complex partial status epilepticus. 10 Similarly, seizure-prone El mice differ from ddY controls in their locomotor habituation to a novel environment within the same 10-min session and across the 3 days of testing, with El mice exhibiting higher activity in both cases. 11 In the case of between-session trials, the lack of diminished activity over time in El mice suggests a basic deficit in non-associative learning capacity. Taken together, these studies provide evidence that changes over time in reactivity to a particular environmental context can serve as a sensitive marker for cognitive ability in multiple animal models of seizure susceptibility. However, performance in tasks sensitive to learning/memory phenomena is notoriously susceptible to a wide variety of non-specific motoric and motivational influences. 12 Thus, it would be desirable to assess learning/memory capabilities in a seizure-prone animal model of epilepsy using an unbiased, naturalistic dependent measure of working memory with built-in manipulation checks to guard against non-specific alterations in task performance. 13 The present studies were therefore designed to characterize working memory capabilities in the El mouse model of epilepsy using the species-typical social recognition memory task.
Social recognition in rodents is charterized by a pattern of olfactory investigative behaviors, particularly sniffing and nosing the ano-genital region of the stimulus animal.
14 Adult rodents exposed during a brief test to unfamiliar, conspecific juveniles spend less time investigating the juveniles following a delay and subsequent re-exposure to the very same stimulus animals. The contrast between the amount of social investigation on exposure to an unfamiliar juvenile provides a quantitative index of non-specific motoric, motivational, or affective components relative to the memory-specific component measured in the familiar juvenile condition. As the El mouse exhibits a stress hyper-reactivity phenotype, 15 the present studies also examined the impact of exposure to a physiological stressor, namely, hyper-osmotic saline consumption, 16 on social recognition memory performance and brain stress neuropeptide (corticotropin-releasing factor-CRF 17 ) levels. The specific hypotheses under test were that seizure-susceptible El mice would perform poorly in the short-term working memory task relative to non-susceptible ddY controls and that behavioral and neural responses to stressor exposure would be atypical in the El mouse strain.
Methods Animals
Mice of the El (n = 88) and ddY (n = 96) strains were descendants of animals obtained from J. Suzuki at the Tokyo Institute of Psychiatry (breeding stock for these strains was kindly provided by Dr. Thomas Seyfried). Experiment 1 assessed working memory performance in El (n = 20, 12 females and 8 males) and ddY (n = 24, 12 females and 12 males) strain mice. Experiment 2 explored the impact of a physiological stressor on working memory performance using El (n = 16, 8 females and 8 males) and ddY (n = 16, 8 females and 8 males) strain mice. Experiment 3 examined the impact of a physiological stressor on seizure susceptibility and brain stress neuropeptide activation using El (n = 16, 11 females and 5 males) and ddY (n = 16, 7 females and 9 males) strain mice. All adult mice were at least 120 days of age at the time of testing and a matched set (strain Â gender) of juvenile mice between 25 and 35 days of age were employed as stimulus animals in the social recognition memory studies. Mice were group-housed using a reverse 12-h light/dark cycle (lights off 1000-2200 h) and colony temperature/ humidity of 21 8C/48%. For Experiment 1, mice were provided with food (ProLab 3000, LabDiets, Richmond, IN) and water ad libitum, except during social recognition testing. Routine husbandry was conducted weekly, except when experiments were in progress, and involved minimal handling. Seizure susceptibility induced by handling for routine husbandry was logged for mice of the El strain so that matched treatment groups could be selected. For Experiment 3, only seizure-susceptible El mice were selected. All testing was conducted during the dark phase of the circadian cycle, when mice are awake and active. All experimental procedures described were approved by the Institutional Animal Care and Use Committee of Boston College.
Experiment 1--Assessment of social recognition memory performance in El mice
Social recognition memory testing Data collection was performed under low-light conditions with minimal background noise in a dedicated room separate from the colony. Adult mice were placed singly in holding cages and allowed 30 min to acclimate to the novel test setting prior to data collection. The protocol for social recognition testing was adapted from Current Protocols in Neuroscience 18 and employed two conditions of social interaction: (1) a familiar juvenile condition, and (2) a novel juvenile condition. Using a within subjects design, one juvenile condition was implemented on the first day, and following 24 h, the second juvenile condition was tested. Experimental mice were paired with different juveniles from day-to-day to prevent carryover effects of juvenile familiarity. In Trial 1 of the familiar juvenile condition, each naïve adult test mouse was paired with a conspecific juvenile. In Trial 2, the adult mouse was re-exposed to the same juvenile with which they were paired initially. Trials 1 and 2 were separated by a 30-min inter-exposure interval, a delay over which unimpaired rodents typically exhibit competent performance in this task. 19 In the unfamiliar juvenile condition, each adult mouse was paired with a novel juvenile mouse during both Trials 1 and 2. Each trial consisted of a 4-min social interaction that was recorded using a video camera equipped with an infrared light source for low light conditions. Video recordings of social interaction, quantified as the total time that the adult experimental mouse engaged in olfactory investigation of the juvenile mouse, were scored by two treatment-blind observers to obtain a cumulative duration of investigation score. After testing, mice were returned to group housing with fresh bedding. The social recognition memory phenotyping protocol of Experiment 1 was replicated twice using separate groups of naïve mice and the results pooled.
Experiment 2--Social recognition performance of El mice exposed to a physiological stressor Salt loading procedure Mice were housed singly in standard polypropylene cages 1 week prior to the study in order to facilitate recording of body weight, food intake, and fluid intake. For control mice, water was available ad libitum, whereas experimental mice were supplied with a hyper-osmotic solution of 2% (w/v) sodium chloride solution 16 as their only source of fluid. Fluid intake was monitored 24 and 48 h after salt solution exposure and food intake/body weight were recorded before and after exposure. After 48 h, all mice were tested in the familiar juvenile condition of the social recognition memory task as described for Experiment 1 using a 120-min interexposure interval, a long-delay condition in which performance is altered by salt-loading in normal rodents. 16 The stress-induced social recognition memory performance protocol of Experiment 2 was replicated twice using separate groups of naïve mice and the results pooled.
Experiment 3-Seizure susceptibility and brain stress neuropeptide activation following exposure to a physiological stressor Salt loading procedure Mice were maintained in their original housing conditions (singly or in groups of 2-4) in standard polypropylene cages in order to avoid triggering of handling-induced seizures in El mice. Both control and salt-loading groups were matched for gender and housing condition. For control mice, water was available ad libitum, whereas experimental mice were supplied with a hyper-osmotic solution of 2% (w/v) sodium chloride 16 as their only source of fluid. Fluid intake was monitored at 24 and 48 h postexposure. After 48 h, all mice were tested for seizure susceptibility induced by handling.
Handling-induced seizure susceptibility (HISS) testing
Seizure susceptibility was tested using the HISS protocol, which involves repetitive handling that reproduces the stress associated with routine cage changes. Each mouse was picked up by the tail and suspended 10-15 cm above the home cage floor for 30 s and then placed in a clean cage for 120 s. The mouse was then suspended for an additional 15 s before being returned to its home cage. Generalized seizures were identified by a loss of postural equilibrium, an erect forward-arching Straub tail, and head, limb, or chewing automatisms. Mice that displayed other signs of seizures such as vocalizations or twitching, but that did not progress to a generalized seizure were not considered seizure susceptible. Regular husbandry was discontinued for the week prior to HISS testing in order to insure a high frequency of seizures in El mice.
Perfusion and brain harvest
Two hours after the HISS testing, a subset of control and salt-loaded mice (n = 4/strain) were anesthetized and perfused intracardially with 0.1 M phosphate-buffered saline, followed by 4% paraformaldehyde. All perfusions were performed during the dark-phase of the light-dark cycle between 1200 and 1800. Each brain was removed and then postfixed in 4% paraformaldehyde for 24-48 h. The brains were then transferred into 30% sucrose solution until sinking (24-72 h). Brains were sectioned (40 mm) using a cryostat prior to histochemical analysis.
Nissl staining
Tissue sections were mounted onto gelatinized slides, rinsed in ethanol and distilled water and then stained using 0.13% cresyl violet in an acetic acid buffer. Stained slides were rinsed in ethanol, cleared in xylene, and coverslipped.
CRF immunohistochemistry
Immunocytochemical detection of r/h CRF (1-41) peptide was performed using a kit obtained from Peninsula Laboratories (San Carlos, CA). After rinsing in 50% ethanol and quenching of endogenous peroxidase activity with a 3% hydrogen peroxide solution, tissue sections were placed in a 15% normal goat serum blocking solution. Sections were incubated with the rabbit anti-CRF antibody (1:1000) overnight at 4 8C. On the second day, sections were incubated with a goat, anti-rabbit secondary antibody (1:1000) for 1 h and then a streptavidin-HRP conjugate for 30 min. Sections were stained using a DAB chromagen and a hematoxylin counterstain.
Brain mapping microscopy
Sections were photographed using an RT color Spot camera (Diagnostic Instruments Inc, Sterling Heights, MI) mounted on a Zeiss bright-field microscope. Nissl positive and CRF immunoreactive cells were counted using the IP Lab image analysis software (Scanalytics, Fairfax, VA). Analysis was completed without knowledge of strain or treatment condition. Nissl stained and CRF labeled cells were counted in the striatal fundus, paraventricular nucleus of the hypothalamus, basolateral nucleus of the amygdala, paraventricular nucleus of the thalamus and lateral septum. Sites were selected for analysis based upon a series of cFos mapping studies performed previously in El and ddY strain mice, 20 by coarse examination of areas of intense staining by a treatment-blind observer, and by the known distribution of CRF-containing nuclei in rodent seizure models. 21 Specific brain regions and nuclei of interest were identified with the help of a standard mouse brain atlas. 22 
Data analysis
For Experiment 1, 2 Â 2 Â 2 mixed factor analyses of variance (ANOVAs) were performed for investigation times and difference scores with gender and strain as between subjects factors and time as a within subjects factor. For Experiments 2 and 3, 2 Â 2 Â 2 Â 2 mixed factor ANOVAs were performed with gender, strain and treatment as between subjects factors and time as a within subjects factor. Simple main effect analyses were conducted when appropriate to determine individual group differences, and comparisons were considered significant when p < 0.05.
Results
In Experiment 1, there was a main effect of strain on social investigation time on Trial 1 [F(1,80) = 29.8, p < 0.001] and on investigation time difference scores [F(1,80) = 17.7, p < 0.001] indicating that ddY mice had higher cumulative times on the first trial ( Fig. 1 ) and higher difference scores (Fig. 2 ). There was a main effect of juvenile condition on investigation time difference scores [F(1,80) = 4.8, Figure 1 Social investigation times (mean AE SEM) on the first and second trial of Experiment 1 in El and ddY mice tested in the social recognition memory task with familiar juveniles. Experimental mice were exposed to the same juvenile on each of the two trials so that the juvenile was familiar on Trial 2. The results reflect poor sociability and deficient short term working memory performance for El mice in contrast to relatively greater sociability and capable memory performance for ddY controls. (Fig. 3) . There was also a strain by gender by condition interaction effect [F(1,80) = 4.3, p < 0.05]. This three-way interaction was due in part to the fact that ddY females demonstrated larger positive investigation time differences in the familiar juvenile condition as compared to El females, whose times were lower.
In Experiment 2, there was a strain by gender interaction effect on social investigation time [F(1,24) = 5.8, p < 0.05]. Simple main effect analyses revealed a significant difference in social investigation time from Trial 1 to Trial 2 in ddY subjects in the control group, but not in the ddYsalt loading or El treatment groups (Fig. 4) . There was a main effect of gender [F(1,23) = 6.0, p < 0.05], but not strain or treatment on food intake with males eating more than females. Similarly, there was a main effect of gender [F(1,23) = 9.7, p < 0.05], but not strain or treatment, on fluid intake with males drinking more than females. There were main effects of strain [F(1,24) = 19.6, p < 0.05] and gender [F(1,24) = 16.3, p < 0.05], but not treatment, on body weight such that ddY and male mice were heavier than their El and female counterparts, respectively. Thus, salt loading did not impact significantly any appetitive or body weight measure (Table 1) .
In Experiment 3, there were no main effects of strain, condition or gender on total fluid intake level per cage or per individual mouse (data not shown). Figure 2 Social investigation difference scores (mean AE SEM) in El and ddY mice tested in the social recognition memory task of Experiment 1 with familiar and unfamiliar juveniles. In the familiar juvenile condition, experimental mice were exposed to the same juvenile on each of the two trials so that the juvenile was familiar on Trial 2. In the unfamiliar juvenile condition, experimental mice were exposed to novel juveniles on both trials. The results reflect capable short term working memory performance for ddY controls without non-specific performance or motivational deficiencies in contrast to the poor working memory performance for El mice.
* p < 0.05 relative to a mean of zero. Social investigation times (mean AE SEM) on the first and second trial of Experiment 2 in control or saltloaded El and ddY mice tested in the social recognition memory task with familiar juveniles. Experimental mice were exposed to the same juvenile on each of the two trials so that the juvenile was familiar on Trial 2. The results reflect poor sociability and short term working memory performance for El mice in contrast to capable memory performance for ddY controls. Social recognition memory performance in ddY mice was abolished, however, by the salt-loading treatment.
Consistent with Experiment 2 findings, these results suggest that a 48 h period of exposure to hypertonic saline did not have a detectable impact on fluid intake. However, tail suspension handling resulted in a significantly lower percentage [x 2 = 3.8, p < 0.05] of seizure occurrence in salt-loaded (22%, 2 of 9) than in control (71%, 5 of 7) El mice. These results suggest that a 48 h period of exposure to hypertonic saline was sufficient to reduce seizure frequency. Analysis of Nissl stained brains revealed a significant [F(1,3) = 19.3, p < 0.05] main effect of treatment with exposure to hypertonic saline suppressing the cell count in paraventricular hypothalamic nucleus in both mouse strains relative to tap water controls (Table 2) . Similarly, analysis of CRF content revealed significant main effects of treatment with exposure to hypertonic saline increasing CRF content in both the paraventicular hypothalamic nucleus [F(1,3) = 9.7, p < 0.05] and the lateral septum [F(1,3) = 10.5, p < 0.05] in both mouse strains relative to tap water controls (Table 2) . These results suggest that a 48 h period of exposure to hyptertonic saline was sufficient to induce compensatory changes in brain cell density and neurochemistry which were stressful in nature.
Discussion
El mice exhibited in the present studies a short-term working memory deficit as well as altered reactivity to social, environmental, and physiological stressors. In Experiment 1, El mice demonstrated poor sociability and decreased olfactory investigation times, both anxiogenic-like traits, as compared to ddY controls. In Experiment 2, El mice revealed poor working memory performance in contrast to the capable working memory performance of ddY controls. Social recognition memory performance in ddY mice was abolished by salt-loading whereas El The salt loading treatment did not impact significantly any of the appetitive or body weight measures. Table 2 For Experiment 3, which assessed the impact of a physiological stressor on seizure susceptibility and brain activation, a subset of control subjects (ddY mice: n = 2, 1 female and 1 male, El mice: n = 2, 1 female and 1 male) and a subset of subjects exposed to the salt-loading treatment (ddY mice: n = 2, 1 female and 1 male, El mice: n = 2, 1 female and 1 male) were sacrificed for brain mapping analysis Exposure to hypertonic saline suppressed the cell count in paraventricular hypothalamic nucleus in both ddY and El strain mice relative to tap water controls and increased CRF content in the paraventricular hypothalamic nucleus and the lateral septum in both mouse strains relative to tap water controls. * p < 0.05 relative to tap water controls.
mice were unresponsive to stressor exposure. Finally, in Experiment 3 all mice exhibited enhanced brain stress neuropeptide (CRF) content following salt-loading and El mice exposed to hypertonic saline experienced a blunted reactivity to handlinginduced seizures. Taken together, these findings suggest that El mice exhibit high emotionality as well as atypical reactions to stressor exposure, and that these characteristics impact social working memory performance and seizure-susceptibility. The present studies examined a seizure-prone strain of mouse in a social context together with conspecific juveniles, thus providing a naturalistic measure of learning/memory in which spontaneous social behavior is monitored. In the ddY control strain, capable non-associative habituation learning was suggested by the marked decrease in social investigation time of familiar juveniles from the first to the second trial. However, in the El strain there was no such evidence of learning in spite of continued sensitivity to decreases in social investigation from the roughly 40 s/4 min trial juvenile exploration baseline of the El strain in the present studies (Fig. 1) . The mechanism for lack of short term social working memory performance in El mice is unknown at the present time. One possibility is that sensory deficits in El mice led to poor social recognition memory performance. In particular, castration produces less persistence in social exploration, suggesting that social memory appears to be chemosensorily mediated by olfactory cues and gonadal hormones. 19 However, El mice do not appear to have an impaired sense of smell in an olfactory discrimination task, 23 and it can be suggested that some yet to be determined motivational or performance aspect of the social recognition memory task is instead deficient.
The result of Experiment 1 in which female ddY mice were more investigatory than males suggests that it may be adaptive for a female mouse to engage in social investigatory behavior for a longer duration or with more intensity in order to ascertain whether an unfamiliar intruder constitutes a threat. Accordingly, female rodents are reported to exhibit a 50% longer working memory span in the social recognition memory task compared to males. 19 In comparison to male rats, females show less persistence in investigating juvenile conspecifics and yet retained social memories over longer delay intervals. 24 Regarding mechanism, administration of oxytocin receptor agonists facilitated social recognition in male, but not female, rats and oxytocin receptor antagonists interfere with normal social recognition in female, but not male, rats 25 thus suggesting a sexually dimorphic role of oxytocin in rat social recognition. 26, 27 Consistent with these findings, vasopressinergic neurons appear to mediate female versus male olfactory functions differently since the vasopressin receptor antagonist, dPTur(Me)VP, blocks social recognition in intact male, but not female, rodents. 14 These studies provide a neurohypophyseal hormone mechanism for gender differences in normal rodent social recognition memory performance. Since the paraventricular hypothalamic nucleus is the source of neurohypophyseal hormones such as vasopressin, the present finding that two days of salt-loading altered cell density and CRF content in the paraventricular nucleus is consistent with the possibility that salt-loading altered social recognition performance in ddY mice via this mechanism. In addition, increased glial infiltration of hippocampal regions in the El brain, without obvious neuronal loss or synaptic rearrangements, 28 provides evidence of neurodevelopmental perturbations in another prime substrate for mammalian learning and memory. 29 Similarly, differential immediate-early gene activation arises in the El hippocampus over development with higher activation at an early age that normalizes as the El mouse enters adulthood. 20 As social recognition performance was completely disrupted in both male and female El mice in the present studies, future studies can explore these neurohypophyseal and hippocampal memory modulatory circuits for clues to the primary neurological deficit in El mouse brain.
Seizure-prone El strain mice, on average, exhibit less social investigatory behavior than seizure-resistant ddY control strain mice. Video recordings of social investigation in El mice reveal a range of antisocial behaviors including lack of interest in an unfamiliar cagemate to persistent olfactory investigation of inanimate portions of the cage for most of a 4-min investigation period. Consistent with these findings, one study suggests that El mothers exhibit an overabundance of motoric activities that compete with crouching/nursing and pup retrieval behaviors required for viability of offspring. 30 A general decrease in social investigation can be interpreted as an anxiogenic-like effect in rodents 31 and a specific decrease in social interaction among El mice has been documented previously. 32 Consistent with evidence for high emotionality in El mice, behavioral, endocrine and neural indices of stressor exposure reveal heightened arousal in El mice relative to ddY controls and identify activation of the stress neuropeptide CRF as one component of the coping response to environmental challenge in El mice. 33 Thus, the present decrease in Trial 1 social investigation times in El relative to ddY mice likely reflects a general anxiogenic-like phenotype in El mice expressed in an affiliative behavior context. Clinical results demonstrating co-morbidity of social cognition deficits and epilepsy are consistent with this result. For instance, clinical studies of pediatric epilepsy employing children with complex partial seizures and absence epilepsy demonstrate lower social competence scores compared to healthy control subjects. 8 In an attempt to extend the finding of spontaneous emotionality exhibited by El mice, the present studies also investigated the effect of explicit stressor exposure on performance of ddY and El mice in the social recognition memory task. The present studies employed a physiological stressor, salt-loading, with the intention of exerting a gradual physiological departure from homeostasis over a period of 48 h. Importantly, El mice could be exposed to the salt loading stressor passively and without any requirement for human handling or contact which would confound subsequent seizure susceptibility testing. 34 No significant differences from the first to the second social investigation trial were found in either salt-loaded ddY or El mice, suggesting that the salt-loading treatment abolished capable social working memory performance in high functioning ddY control mice. In prior studies, injection of hypertonic saline to adult male rats following exposure to a juvenile decreased social exploration of the same juvenile presented two hours later. 16 That is, exposure to the salt loading stressor during memory consolidation enhanced social recognition performance in a retention test completed under conditions of poor, long delay learning. The difference in the direction of salt-loading induced change in social recognition performance in these two studies may be due to procedural or empirical differences. For example, in the rat study the salt-loading treatment was administered after the first exposure to the juvenile, 16 whereas in the present studies mice were exposed to the salt-loading treatment for 48 h before the first exposure to the juvenile. Alternatively, baseline performance in the rat studies was poor whereas the performance of ddY mice over a 120 min delay in the present studies was optimal suggesting that the salt-loading stressor produced a classical, biphasic memory modulatory effect. 12 The essential point is that upon stressor exposure, the behavioral response of El mice was atypical.
Tail suspension handling, a noninvasive manipulation that is part of routine husbandry when lifting an animal by the tail for cage transfer, has been documented to exert multifaceted physiological and endocrine stress responses in normal rodents. 35 A significant portion of a population of El mice beyond the age of post-natal day 70-80 will exhibit seizures in response to tail suspension handling. The surprising result of the present studies was that the normative 70% seizure frequency in El mice produced by tail suspension handling was attenuated to a frequency of 20% by exposure to hypertonic saline over a period of 48 h. One possibility is that long-term neural adaptation to the salt-loading stressor fatigued stress reactive brain circuits by the time mice were exposed subsequently to the normally potent handling stressor. This in turn would suggest that salt loading altered brain circuits linked to seizure onset, termed ''intrinsic fabricators. '' 36 Important clues for identifying the intrinsic fabricator mechanism(s) by which salt-loading in the present studies altered seizure susceptibility in El mice are provided by the quantification of brain cell density and CRF content. Hypertonic saline suppressed paraventricular hypothalamic nucleus (PVN) cell density in both ddY and El strains and increased CRF content in the PVN and the lateral septum in both mouse strains relative to tap water controls. These findings are consistent with the report that chronic salt loading in rats induced CRF expression in oxytocin (OT) neurons of the PVN and the supraoptic nucleus (SON) and upregulated CRF 1 receptors in both vasopressin (VP) and OT-containing neurons. 37 The increased CRF expression in hypothalamic OT and VP neurons in combination with the increase in CRF receptor levels suggest that CRF plays a role in fluid homeostasis in response to osmotic stimulation. 37 Similarly, an increase in CRF content in vasopressinergic magnocellular neurons of the PVN and SON is reported in salt loaded rats. 38 The regulatory role of VP, a hormone secreted by the hypothalamus and stored in the posterior pituitary, in fluid homeostasis has been well studied; in response to decreased levels of fluid intake, VP stimulates water conservation and reabsorption in the kidneys. Thus, the present increase in CRF content in PVN suggests that salt-loaded mice were chronically stressed, and that the neural response to stressor exposure was physiologically adaptive. The lateral septum is another brain area in which CRF levels are increased by administration of the seizure initiator, kainic acid, 21 and this brain area is well known to mediate fear learning and other stress coping responses. 39, 40 Taken together, these studies suggest that the role CRF plays in the regulation of physiological fluid homeostasis in rats under conditions of environmental flux is consistent with adaptive changes to salt-loading in ddY and El mice.
Further support for the hypothesis that an atypical response to stressor exposure can alter seizure susceptibility in El mice is provided by studies of the role of CRF in social withdrawal. 32 Central injection of CRF-SAP, a conjugate of CRF linked with the neurotoxin saporin, resulted in an increase in social exploration upon exposure to an adult conspecific so that El mice performed a social interaction task in a manner comparable to normal ddY controls. 32 These findings suggest that El mice express constitutively elevated sensitivity to CRF, resulting in oversensitivity to environmental challenge. Concurrent studies also employing CRF-SAP injections in El mice using additional behavioral endpoints, such as odor reactivity, also support these conclusions. 23 Thus, the present studies provide evidence for stress dysregulation in El mice that contributes both to deficient performance of untrained, adaptive behaviors such as social recognition as well as neural and behavioral pathology associated with seizures.
